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REPORT ON A ~~L~~~~~ 
E X ~ ~ I ~ A T I O ~  OF THE SPECTRAL 
ENERGY DISTRIF3UTION IN THE 

JPL SOLAR S B U U T O R  

This r e p o r t  summarizes the results obtained during the d s i t  of 

the  undersigned Lo t h e  Je t  Propulsion Laboratory on 31 January 1963. The 

investigation discussed w a s  planned 16 January during a v i s i t  t o  JPL, 

Three. water-cooled thesmonile d e t e c t o r s  w e ~ e  employed, one 

being t h e  property of J P L  and two t h e  property of t h e  Eppley Laboratory 

which  a l so  suppl ied %he thermopi le  volt,al;e readout equipment and t h e  

s e r i e s  of broad bmd filters and windows used, The filter wheel containing 

t h e  series of narrow band interference-type f i l t e r s  was rmde a v a i l a b l e  

by NASA (Goddad Space F l i g h t  Center), 

&asurements k~ere made in air  (total f lux  a i d  spectsalfy as 

isolated by both sees of f i l t e r s )  and at rsdu.cad pressure ( t o t a l  f l u  

a d  ketal d t r a - v i o l e t  and t o t a l  infra-red regions s e p a r a t e l y )  

The two Eppley working standard themogiles  were calibrated 

berope qnct aXter  t h e  e w e r h e n t s  a t  Mewport, in a i r  - no s%gnff ie tmt 

changes in calibration were observed; cpn r e t u r n  t o  Hewpork these theme- 

p i l e a  were also calibrated a t  a reduced pressure  of about 10-5 m Hg, at, 

t h e  r a d i m t  flux densities experienced in the Solar Simulator ( i e e e  as 

used w i t h  t h e  w aad I R  flli;e?Ps), 

were re famed to the Eaeasureci '~herrnopile c ~ o l t ~ t  (mteaa) tempesa~ure in 

the: Space S L ~ ~ u l a t o r ,  

A11 eal ibrat lon values establ ish& 

T h e r e  h e s  'oezn no oppsrtunSty 8s ye t  to ver i fy  the 
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vc9eu.m c a l i b r a t i o n  of t h e  JPL detector  bu t  as t h i s  i s  an instrument of 

suspect t h e  original Newport c a l i b r a t i o n :  kowevep, inspec t ion  of t h e  

Eppley records permitted, t h e  a s s ign ing  of a soroewhat more refined value 

in view of t h e  actual operational condi t ions ,  dur ing  t h i s  examination, 

of ambient water tempemtuure and flux density," 

2, _RESULTS 

( a )  CalibrzLiorm of d e t e ~ t ~ r ~  

The fol lowing is B sumnazby. of t h e  c a l i b r a t i o n  progrrur,, 

Remsks 

h. The air c a l i b r a t i o n  of detector NQ* b-383 refers t o  t h e  circuit with 

t he  pressure t h e m i s t o r  (ieee similar t o  t h e  vacum c a l i b r a t i o n )  a i d  
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r e l a t i o n s h i p  which is l i n e a r  to with in  21 per  cent over the entire 

range of flux d e n s i t y  %o &ich  it WEIS exposed in t hese  t e s t s ) ,  The 

vacuum c a l i b s a t i o n s  of detectors Mos, 5376 and 2605 refer, respec- 

t ive ly ,  t o  flux d e n s i t i e s  of  t h e  o r d e r  oP" 10 a ~ l d  50 per  cent of t h e  

t o t a l  unf i l tered S;imEala'cor f lux measured in vacuum on 31 J a n u a q  ( i , ,ea 1 

3.39 md em-2), Both series are Sdekjport based, 

3 .  Thermopile No. 4813 belongs t o  JPL but was not employed in t h e  t e s t s  

Peported on here, It was ca l ib ra t ed ,  i n  air, by comparison rriitk 

thermopile  No. 5376 on 31 January at, a flux d e n s i t y  of 122 law cm- 2 e 

The result i s  included f o r  future convenience. 

(15- junc t ion  bismuth-silver e l m e n t  plus  a. bead-type sens ine  therr- 

d s t o r )  to which JPL have f i t t e d  a water-cooled t u b e  r e s t r i c t i n g  the 

aperture  t o  about 30' (estimated). Thermopile No, 5376 i s  an 8- 

junction bismuth-si lver  unit and 'chermopil-e Hoe 2605 i s  a 4-junction 

copper-constantad? u n i t  ( i n  both in s t ances ,  the a p e r t u r e  angle is 

approximately 70') e 

constantan high-radiaLion i n t e n s i t y  unit (aperture angle approximately 

Thermopile No. 4,813 i s  a s ingle- junc l ion  mngmin-  

5 0 O  1 0  

( b )  h s t r m m t a t i o n  

The measurements of total f lux  with radiometer Nos 4383 were 

obtained w i t h  t h e  aid of a. P4jnnespolis-Honepebl (Brown) recording 

potent iometer  with full-seabe d e f l e c t i o n  (100 d i v s  ) se t  at. 50 

d 2 1 i v o l t s ,  This a~sangement provided the record of totab f lux under 

va.cutm condi t ions ,  The measurements of t oLa l  and spectral f l u x  

Y 
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obtained w i t h  thermopiLe Hoe 5396 connected e i t h e r  t o  a Leeds and 

Horthrup m o d e l  M recording potentiometer ( f u l l - s c d e  d e f l e c t i o n  

lG0 divs.  set a t  10 i~illi~01.t~) o r  to a Eeeds and Sdosthmp D. C ,  

thermocouple i n d i c a t i n g  ampl i f i e r ,  as d i c t a t e d  by t h e  experiment: 

an ~ p p l e y  prec is ion  mierovolt-dI.I.ivoI.t reference source (accuacy  

better than  0 , l  per  c e n t )  was employed t o  check these emf readout 

sys tms,  

measwements of t h e  t o t a l  f lux  i n  a i r  and also f o r  the record of I R  

f l u  i n  V ~ ; C U \ L K ~ ~  T'hrouph a thermal  f r e e  switching arrangement, the 

sifnnal from t h i s  de t ec to r  was l ikewise displayed. on the L. and N ,  

potentiometer.  Thermopiles Fos e 5376 and 2605 provided t h e  reference 

of t o t a l  f lux in air, 

The second thermopile (no. 2605) was used for d d i t i o n c a l  

Details  of t h e  window mate r i a l s  and broad b a d  filters a p l o y e d  

a r e  as foblobis: 

(2) pyrex: center of" lower cutof f  295 mu9 t ransmission i n  gemera1 

similar t o  quastz 

(3 )  Schott 
GG 14: cen te r  of %ewer cutof f  502 mu, filter f a c t o r  l , . b O  

( 4 )  Schott  
I ?  ?F t? h ,90  53 5 tp I t  19 06 1: 

(5) Schott 
RG 2: kB 1 )  1% 1% 634 I E  I7 1,1Q 
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335 mu (N,B, t h i s  f iBts i -  was employed .to isolaee t h e  

t o t a l  UV mission of t h e  source; the filter factor  is 

a p p r o x h t e l : 7  2 * 3 5  for 'chis type of emissfon) 

The correspond.%n.g information regarding the ~ B T P ' O W  band pass  

filters is 



/ 

0. 

swies  of 127 2,5 MVA Hanovia ~ ~ P C U V - X C X I Q ~  high-pressure s h o ~ t  ~,R”@s 

operated close t o  t h i s  nominal input  powex level ,  Under atmospheric 

conditions in the Simulator, t h e  source was operated continuously f o r  

about one hour, for s t a b i l i t y  reasons, before sadiant  flux measuraents  

weape made, OA c o ~ ~ p l d ~ i ~ n  of t h i s  pa r t  of the programp the l m p s  were 

switched off and t h e  Simulator evacuated t o  a pressure of approximately 

1C.5 rm Mg and t h e  walls cooled. t o  a f a i r l y  uniform ‘cmperattfre of 

-240’ F*, 

csmeneernent of chamber evacuation) and a series of sbiultaneous t o t a l ,  

W and IR f lux  measurements made over t h e  period. of -+a t o  +3C; minutes. 

At about 5 rxim-tes a f te r  star% up9 t h r e e  lamp power suppl ies  failed; 

t h r e e  replacement lamp u n i t s  were immediately switched i n ,  It is  COR- 

s idered  t h a t  t h i s  variation of three lamps out of a total of 127 did not. 

appreciably a f f e c t  t h e  i n t eg ra t ed  t o t a l  xrd s p e c t r a l  fluxes, The SOWCQ 

was operated a t  t h e  same iripub power l e v e l  as employed i n  the first part 

of t h e  experiment. 

The soume  was then  turned on (about 2 1/2 hours a f t e r  t h ~  

During t h e  measurement program, in ais, the r e l a t i v e  humidity 

in t h e  v i c i n i t y  of t h e  ~ h d e t o r  (door open t o  t h e  environment) was 

observed do  be 65 per cent:: as t h e  temperature inside the so mu la to^ W ~ S  

s s t b t e c l .  a t  90’ F (approximately 3OoC),  as compared with TO* F (20’ C )  

extcmally, t h e  absolute vapor pressure! of t h e  a i r  in the chamber, pp ior  

.to ~ V ~ C I B L ~ O P ~ ,  was of the  o d e r  o f  l 6 , 5  mb, 

t h a t  t h e  air in t h e  chamber and i n  its close proximity, at t h i s  time, 

vms d i s t i n c t l y  ~?aregr (smoky) h d i c a t i n g  t h e  presence o f  sigxifican’t 

aobid p r % i c u b L e  matter, 

V i s d L Q ,  it was 0bseYt;ed 

The coeff ic ienL of mdiant  energy extinc‘cion 
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by haze aoes not  fo l loh  t h e  same l a w  a3 t h e  e x t i n c t i o n  by clean d ry  air., 

Ire the ixat,wal ccrrdit ion,  t h e  a t t enua t ion  of t h e  d i r e c t  solar r ad ih t ion  

OM account of scetterbr by t h e  dus t  and haze (aerosol) content of the  

atmosphere my- be ref lected,  on a r e l a t i v e  scale, through der iva i fon  of 

t h e  Angstrom t u r b i d i t y  c o e f f i c i e n t  €4, A t  present ,  t h e r e  is  no staridard 

m e r  i n  which such a comparative s c d e  my be  established. f o r  ar t%ficial  

sou.3~ces operated at d i s t ances  of the o r d e r  of yC-%OO feet  frorPl t h e  l oea t ion  

of t h e  r ad ian t  energy sensing equipment, 

t h e  genera l  ozone concentrat ion generated during %he experiment was about 

15/108 (prssaulnabby by volume), 

question that, 

contained (contar&ninated) air pyohably represented a. near m a x i m u  totab 

tu.rbidity condi t ion  f o r  t h i s  envi roment  as exercised. through s e l e c t i v e  

s c a t t e r i n g  and absorpt ion by p a r t i c u l a t e  mattes and by absorption by water 

vapor and ozone (and. t o  a l e s s e r  ex ten t  by carbon dioxide) ,  a measurable 

increase should be experienced i n  the u l t r a - v i o l e t  regiwn (and probably 

also i n  t h e  s h o r t e r  v i s i b l e  wava1cnf'~hs) and a marked increase  i n  t h e  

irdra-reci region,  

t a b u l a r  meterial presented. in t h i s  Report ,  

0 I t  

It %as estimated (by JPL) thaA 

1 5 t h  these facts i n  mind, t hese  i s  no 

evacuation of t h e  S b d a t o s ,  on t h i s  occasion where t h e  

I 

The v a l i d i t y  of t h i s  argument is i l l u s t r a t e d  i n  the  

(d  1 
k2iL.h t h e  &-type filters, in air, etc ,  owe combiate set of meas- 

urements vias made, i n  a i r ,  a t  one location of t h e  tes t  plme:  %he scheme 

was themnopile I J ~ U S  quar'cce; plus pyrex; plus quar tz  4- GG 14, -+ OGl, -t Bc 8 ,  

+ UG 1%; plus  q u a r t z ,  

coapletely unsexeened.. 

as a precautionary maaswe.  

A nteasureinent was also made -Ath t h e  dhemopi2.e 

Dup l imts  measurements of total. f lux  were obtained, 

During the vacu.m ~ Q Y ~ L ~ O ~ T  of t h e  t e s t ,  t h e  
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msasursmen'bs were r e s t r i c t e d  t o  total f lax (one series of readings)  and 

'thennopile plus quai-tz -t UG 11 a d  second thermopile p l u s  quartz  -+ RG 8 ,  

The &-type f i l t e r s  could only be exposed (over t h e  same thema- 

p i l e  as mployed for t h e  A-typs f i l t e r  measwmenta), in  ai^, as t h i s  

operat ion involved manual adJustmant of t h e  f i l t e r  wheel: one s e t  of 

readings was obtained 

(4  
The basic resulks are presented i n  t h e  following Tables I-VI ,  

Tables I, 111 and V give t h e  basic measurements; %bles 11, p%I and VI 

give t h e  energy d i s t r i b u t i o n s  i n  t h e  va,i-ious s p e c t r a l  regions, 

+RG 8 +UG ll 

15.7 15.k lla5 11 a 3  9ea 8,6 0.90 

TABLE II in air 

WrJ cm-* 122 2 13 6 2 15 s, 60 

P : ~ B ,  1, E ~ W ~ J  conve~sion factor: 7,20 w ft-2 per mv x filter factor, 

2, The r e s u l t  of t h e  tes t  made by exposinf- t h e  thexmopibe without. m y  

windo.~; i n  pos i t i on  ind ica t ed  an inc rease  of 8 per cent  over t h e  COFP- 

espondinp value w i t h  t h e  quartz windov; i n  position: as t h e  general 

'crabnsmitta~nce of t h i s  specimen of quartz i s  C,92, t h e  conclusion ia 

t h a t  there i s  no significmt. source emission of wavelength exceeding 

3 ' I p  at least  as mea.sured i n  t h e  location se l ec t ed  by JFL, 
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TAELE I11 

TABLE IV 

3 4 3 n 6 3 5 8 u 1  4 a 23 

N .Bo 

TABLE V 

TBLBLE VI 



2, In the caae of the u l t r a -v io l e t  isolating filter, there  was no sfpxXj.cm.t 

secondary Lrasrsdss ion;  tappropriaice cor rec t ion  b a s  applied fo r  filter c r a i s s i ~ n  

(through obsewation of t h e  sipti1 immediately t h e  lamp source was sh i t chcd  

o f f ) .  

weasumment over the 15-minu.te period was relaLaPkab1e (v iz  = +0,5 per  cent ) ; 

IP! t h e  case of t h e  infra-red i s o h t i n @  f i l t e r ,  t h e  c o n s ~ a n c y  of 

there were no s i g n i f i c a n t  filter emission e f f e c t s ,  

Broad band 
% 
12 

56 

N,B, See remark under corresponding s w m x y  statement f o r  a i r  measurements, 

3 0  CONCLUSIONS 

(a) There i s  no si@J'icant change i n  t h e  r e l a t i v e  e n e q y  d i s t r i b u t e d  between the 

t h m e  p r i n c i p a l  s p e c t r a l  regions, 

( b )  T h i s  d i s t r i b u t i o n  (v i z ,  3.2% UV, 32% VIS and 56 $ NIR) m y  be compared w i t h  

t h a t  der ived b;r Johnson (J, Meteor., ll, 431-439, 195b~) f o r  solar spectral 

irradiance a t  m e a  ze ro  a i r  mass, viz;, 7.5% UV, 46% VIS and b6,5% NIR.  In 

more d e t a i l ,  t h i s  comparison xmy be given as follows (band pass f i l t e r  values 

f o r  IIg §OU.FCB, a i r  p a t h ) :  

Hg (broad 2 13 4 2 1 5  4. 60 
baa-ld filters ) .- 



It. was considered more appropr ia te ,  i n  this comparison of t h e  energy 

emission of what is e s s e n t i s l l j  a continuous S G U . P C ~  w i t h  t h a t  of a discont inuous 

one, to t s b u l a t c  t h e  solar values  f o r  t h e  whole of t h e  spec t ra l  regions i-solated 

by the filters ( i o e e  as encompassed by t h e  zero t ransmission f i l t e r  limits) mt,her 

t h a n  those values ~ C L "  khe reduced p o r t i o n s  of t h e s e  filter band passes which essen- 

t i a l l y  i s o l a t e  t h e  Hg emission. The resulting agreement i s  s u r p r i s i n g l y  rood EZS a 

first approxiciation 'CC t h e  s u ~ r ' s  extra-terrestrial m i s s i o n  (especiably in view QP 

I 
Lh.e pressr.6 uncertainty of the  spectra.1 d i s t r i b u t i o n  i n  ce r t a in  s o l a r  uavelength 

r e ~ i o n s  as evidenced by the  s t u d i e s  0% NicoleL - see "krchkv Heteor., k o p h p i k I  

B i o H b ~ , ' ~  A ,  3 

s t i l l  be  e f f e c t e d  dhrou .~h  reduct ion i n  t h e  magnitude of t h e  W and IR componsnLse 

( c )  on evacuation of t h e  ~ b u l a t o r  t h e  increase i n  ( abso lu te )  total f l u x  dens i ty  

appeared t o  be Is, per cent ,  The UrJ increase contribu'wd about 2 per  c@nt and 

the  IR i n c r e a s e  txbout 8 p e r  cent., The ~ e m a i n i n ~  4 percent  could. be accounted. 

for, totally OF pal-tially, as follows: i n e q u a l i t y  of source outpu'C dur ing  

t h e  Lwo sets of radiometric measu~ements, s l l ipht  inconsisleacies betwsen P;he 

several cictector ca~- ibra t ions ,  i n  a i r  and vacuum (perhaps 1-2 p e r  c a n t ) ,  

OP a real increase in the v i s i b l e  region c o n t r i b u ~ i o n  (not measured i n  1bacu11111), 

especially i n  the shor t e r  wavelengths as a. resu l t  0% reduced p a r t i c l e  

scat ter inF,   or nol-mab (perhaps contr*olled ) condi t ions  of  he Passdens 

Simulator c t ' c ~ ~ ~ ~ p h e r e ,  t h i s  t o t a l  increase I i a  f l u  dens i ty  m i g h t  be esLhaLed 

209-219, 1951 - V ~ T S U S  Johnson) , but, s i g n i f i c a n t  improveuent eouM 
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aspects : 

(a)  Idarrow bard and bmad b a d  f i l t e r  e d n a t i o n  of vacuum as w e l l  as a.ir  cor^ 

d i t i o n s  of detector exposure ( t h i s  w i l l  entaib a ~ i t o m a t i c  mnipula,.tian of 

ga t ion  Nith a s a f h b % e  rnoraochro~ator ( t h i s  would also enable the narrow 

i f i ed  by the op t i c s  involved);  

F E ? S . ~ ~ S E I  Q K G ~ C ~  be Independent of ambient pl-essure and restricted, w i t h  a 

filter t + r w ~ s m i L t i n ~ ;  only in t h e  600-760 mu region, Lo a. spectral band of 

m i ~ i . r m m  scat  t e ring and. abs orbing a. kmo s ph e ri e at. t m u a t i  on ) e 
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